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Abstract
Despite general agreement that meeting food demand without further
loss of natural ecosystems requires sustainable intensification, there is
little dialogue about the research agenda needed to achieve it. To that
end, we evaluate current trajectories towards sustainable intensification,
review published research on the topic, identify missing links, and
propose a prioritization framework to fill gaps. Although progress
towards sustainable intensification is behind schedule, we are optimistic
that current trends can get back on course assuming a well-prioritized
and adequately funded research portfolio and appropriate policies and
institutions to support it.

In the broadest sense, sustainable intensification (SI) seeks to increase crop and livestock yields and associated economic returns per
unit time and land without negative impacts on soil and water resources or the integrity of associated non-agricultural ecosystems1.
Success in implementing an SI approach is best quantified by metrics
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that measure system outputs (again, broad sense) in terms of: (1)
yield; (2) input requirements to achieve that yield; (3) impact on
soil quality defined as the capacity to support crop yields and inputuse efficiencies2; and (4) impact on natural resources and ecosystems affected by the production system. Hence, in addition to yield,
SI must be evaluated by efficiency metrics such as yield per unit input of energy, water and nutrients rather than by the source or type
of inputs (for example, organic or conventional, genetically modified organism (GMO) or non-GMO), and by impacts on a broad array of ecosystem services with particular concern for water quality
and biodiversity3.
The potential to achieve SI and the degree to which it is achieved
can be considered from a local field or farm scale, to regional, national and global scales. At a local level, SI of small-scale subsistence
farms might include judicious use of fertilizer and greater diversification with high-value vegetable crops, or addition of fishponds and
livestock that utilize by-products from crop production and allow
return of animal manures to help maintain soil fertility. On largescale mechanized farms, intensification typically involves manipulating crop and soil management practices to eke out further efficiencies in capture of resources and conversion to yield. Examples
include use of shorter-maturing crop varieties to allow production
of an additional crop each year on the same field, improved nutrient management practices that better synchronize nutrient supply
with crop demand during the growing season without excess or deficiency, conservation tillage that increases infiltration of rainfall and
reduced runoff, and cover crops to recover fertilizer nutrients not
taken up by the cash crop and to protect soil from erosion, to name
a few. In all cases, the capacity of soil to provide water and nutrients to support crop growth must be maintained or enhanced to ensure sustainability in terms of soil quality.
The call for ‘sustainable intensification’ originally focused on the
need to move beyond the seed, fertilizer and pesticide technologies
that support modern, high-yield conventional agriculture, towards
more ‘restorative’ production systems that rely less on external inputs and more on leveraging internal resources and ecological processes to supply nutrients and control pests4. Since then, justification
for SI, and closely related ‘ecological intensification’, has expanded
to address national and global concerns about agriculture’s negative

Cassman & Grassini in Nature Sustainability 3 (2020)

3

impact on environmental quality and natural resources on one hand,
and need to achieve substantial increases in crop yields on existing
farmland to avoid further loss of natural habitat on the other1–3. Of
particular concern is conversion of rainforests, grassland savannahs
and wetlands to crop production and the associated loss of biodiversity and soil carbon stocks, the latter contributing considerably to anthropogenic greenhouse gas (GHG) emissions. And while SI is necessary to address these challenges, it is not sufficient because success in
conserving natural habitat also requires good governance, appropriate legal frameworks for land tenure, and international agreements
to ensure that progress towards SI on existing farmland achieves desired environmental outcomes5.
Evaluating the potential of existing agricultural systems to undergo
SI at national and global scales provides insight about land, water and
energy requirements to ensure adequate food supply while also addressing concerns about climate change and biodiversity. A global lens
helps illuminate broad trends and drivers of future food supply and
commodity prices in international markets, which in turn provides
critical input to national research and development (R&D) priorities
because most countries currently rely on imports to meet food demand. Effective priority setting at a national scale identifies the crops,
cropping systems, regions and technologies most likely to advance SI
given endowments of climate, soil and water resources.

Global food security on a razor’s edge
After years of relatively stable and declining prices for the world’s
major staple food crops, the new millennium has brought considerably more turmoil in commodity markets. Since year 2000 there have
been three episodes of abrupt spikes in prices of major staple grains
compared to much greater price stability during the preceding two
decades (Fig. 1). In each case relatively small deficits in global food
supply attributed to drought, heatwave, flooding, or a combination
of these stresses in one or more countries caused international commodity prices to increase by 50% or more. Accompanying these price
spikes were episodes of political unrest in countries dependent on
imports6,7. Although export restrictions imposed by a few countries
in response to production shortfalls and expanded biofuel mandates
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Fig. 1 Price trends of the major cereals from 1980–2018. Data source: World Bank
international monthly price data52, under a Creative Commons License CC BY 4.0.

helped amplify these price spikes, in each case the triggering event
was a grain production shortfall representing a relatively small share
of global grain production.
In addition to vicious price spikes, other evidence of a tenuous
global food supply includes rapid increase in land used for crop production and abrupt slowing, and sometimes complete stagnation, in
the rate of yield increase on existing farmland8. For example, from
2002–2014, which includes the most recent available data, expansion of harvested crop production area increased at the fastest rate
in human history (Fig. 2). The staple crops included in this analysis
provide more than 75% of all calories in human diets, either directly
consumed or as fed to livestock and fish for human consumption. Of
these, maize, rice, wheat and soybean are the most widely grown and
are responsible for about 70% of the increase in crop area since 2002,
and most of the increase is due to conversion of natural ecosystems
to farmland.
The fact that so much of this increase comes from production of
just four crops attests to powerful demographic forces associated with
economic development in the world’s most populous countries of Asia,
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Fig. 2 Trends in global harvested area of the major staple food crops and of the
four most widely grown crops. Data for the major stable food crops are shown as
red triangles and data for the four most widely grown crops (rice (R), wheat (W),
maize (M) and soybean (S)) are shown as yellow triangles. Regression coefficients
were obtained from piecewise, linear regressions updated from Grassini et al.8. Staple crops include all major cereal, oil, sugar, pulse, sugar, fibre, tuber and root crops.
Figure adapted with permission from ref. 8, Springer Nature Limited, under a Creative Commons License CC BY 3.0.

Africa and South America. Rising incomes leads to greater consumption of livestock products and higher per capita grain consumption,
much of which is used for livestock production. And these trends are
not likely to change over the next 30 years as billions more join the
ranks of the global middle class and can afford a more diverse dietary
fare that includes meat and dairy. Hence the call for reducing meat
consumption as a means to lower agriculture’s contribution to climate
change9,10 is not relevant to those of low and modest incomes who currently eat very little meat11, and who represent the vast majority of
new mouths to feed at the global dinner table in 2050.
Although global average yields of major food crops are still increasing at linear rates, relative growth rates are decreasing due to
the tyranny of linear increase, which gives declining relative rates
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as average yields rise (Fig. 3a), and slowing or plateauing yields in
many of the world’s major breadbaskets (Fig. 3b). Examples of yield
growth stagnation include wheat in northern Europe (accounting for
20% of global production) and rice in California (USA), while considerable slowing can be seen in yield trends of rice in China (accounting
for 30% of global production). In each case, slowing yield growth occurs in countries with highest yields due to diminishing returns on investments in yield-enhancing inputs and technologies as average farm
yields approach biophysical limits on yield potential determined by climate, soil and water supply12. If yield growth follows current trajectories, projected food demand will not be met without large expansion
of crop area, continuing or even accelerating the trends seen in Fig. 2.
Taken together, abrupt spikes in prices of major food crops associated with small temporary decreases in global production, and explosive expansion of crop production area are symptoms of a global food
supply on a razor’s edge of sufficiency. Hence the urgency to achieve
rapid SI of agriculture in general, and of staple food crop production
in particular, in tandem with appropriate policies and institutions to
support it.

Current global SI research portfolio
The most visible published science on SI, as quantified by citation
activity on Google Scholar under the term ‘sustainable intensification’ (https://scholar.google.com/), is centred on four main thrusts.
The first calls for an expanded SI scope to include “adopting practices along the entire value chain of the global food system that meet
rising needs for nutritious and healthy food through practices that
build social–ecological resilience and enhance natural capital within
the safe operating space of the Earth system”13. Additional SI-relevant

Fig. 3 Yield trends of major food crops. a, Global yield trends of major food crops:
maize, rice, wheat, and soybean. Inset shows relative yield gains, calculated as the
ratio of linear rate of yield gain and trend-line yield in a given year. b, Yield trends
in regions with slowing yield growth (rice in China) or yield plateaus (rice in California, USA, and wheat in northern Europe). Piecewise linear regression was used
to obtain best fit to the data following Grassini et al.8.
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objectives have been proposed including animal welfare, viability of
rural communities, sustainable development, adequate and equitable access to food, and food sovereignty5,14. These extensive views
seek eradication of hunger and improved human nutrition, as well
as environmental performance defined within concepts of safe operating space, multi-functional landscapes, performance goals of net
zero GHG emissions, very low or zero expansion of agriculture into
remaining natural ecosystems, zero loss of biodiversity, drastic reduction in excessive use of N and P, major improvement in water
productivity, and safeguarding of environmental water flows and
groundwater quality. Addressing these multiple SI dimensions requires research that robustly links environmental performance at
the level of a single production field or farm, with aggregated impact
from thousands of fields and farms on non-agricultural ecosystems
such as rivers, lakes, estuaries and coastal biomes. While general
guidelines on planetary boundaries are suggested12, specific thresholds for individual farms and cropping systems remain poorly defined. Also required is a capacity to link biophysical SI performance
in terms of increased food production and environmental stewardship to social benefits such as improved human health, poverty reduction and integrity of rural communities15.
A second thrust focuses on improving crops and cropping systems
in low-income developing countries of Sub-Saharan Africa and Asia
where current yield gaps are large. And while sustainable intensification is relevant to these regions, the scientific challenge is muted
by the fact that existing production systems are very low yielding because they receive few inputs of fertilizers, improved seed and pest
control measures, and thus have undergone very little intensification11. In many cases the major constraint is soil degradation caused
by inadequate nutrient inputs and little return of crop residues to
maintain soil organic matter16. Hence it is possible to achieve substantial progress towards SI with little danger of negative environmental impact through use of existing technologies such as judicious
use of fertilizer and improved crop cultivars with greater resistances
to drought and pests. Gaining widespread use of these inputs requires
policies, markets and infrastructure that support adoption by smallholder farmers17. At some point, however, gains from this approach
reach a level at which more aggressive intensification is required to
sustain yield gains, such as use of greater amounts of fertilizer inputs
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and proactive pest management tactics to control insect pests, weeds
and diseases. At this point, the challenge of dealing with planetary
boundaries comes into play, including more radical changes in the
cropping systems themselves.
A third, and growing, body of SI literature calls for a shift to greater
diversity of crops and cropping systems as a means to improve human
nutrition through production of more nutritious crop species than the
primary cereals, and because greater crop diversity can sometimes reduce risk, improve soil health and reduce need for fertilizer and pesticides18,19. While such work may be relevant for specific situations and
local conditions, its global relevance can be questioned because it fails
to recognize the reasons why the current human food supply relies so
heavily on a small number of crops, and the fact that much of the developing world depends on grain imports to meet basic food needs.
Indeed, our globalized food system is tuned to the inherent characteristics of the major cereal and oilseed crops because they are easily dried and stored for long periods of time, easily transported over
long distances, and have low energy requirements for processing and
cooking when used directly as human food (especially for maize, rice
and wheat). Low energy requirements for processing and cooking
represent an important quality-of-life benefit for low-income families who rely on daily collection of firewood for cooking fuel. In addition, these four major crops produce higher yields of calories, protein
and oil per unit time, light, water and nutrient inputs than most other
crop species. And as previously mentioned, rapid economic growth in
the world’s most populous developing countries supports rising income, which in turn is highly correlated with per capita consumption
of meat, dairy and fish. Rapid increase in demand for these foods cannot be met by traditional, small-scale livestock production systems, so
large-scale livestock feeding operations fill the gap and require enormous amounts of feed grains and high-protein seed meal. While less
intensive, lower yielding, more diverse production systems may offer
local environmental benefits, there are trade-offs if widely adopted
due to indirect effects of land clearing elsewhere to meet food demand
in global markets5,11.
A fourth thrust includes work that seeks to establish metrics that
measure progress towards SI at the field or farm level19–23. Most studies of this kind focus on metrics associated with input-use efficiencies for fertilizers, energy, and water due to lack of well-defined
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environmental performance thresholds. In addition to these yield
and efficiency metrics, a recent study of maize systems in Malawi
included risk of crop failure, probability of food sufficiency, and ratings of crop and soil management options by women, all of which are
important considerations for smallholder farms in most countries of
Sub-Saharan Africa24.

No time to waste in research prioritization
The combined impact of slowing yield growth in the world’s major
breadbaskets and rapid expansion of crop production area puts our
global food system on an unsustainable path. Whereas only 13% of
the increase in global production of soybean, maize, rice and wheat
came from expansion of harvested area from 1980–2002, area expansion contributed most of the increase from 2002–2014 (Fig. 4). These
trends are clearly not consistent with SI goals and suggest an urgency

Fig. 4 Contributions to global supply of major food crops from yield gain
on existing crop land (green) or expansion of harvested crop production area
(brown) in two periods. Increases in production, area and yield are based on 3-year
averages centred on initial and final years for each period. We assume yield levels of new crop area in a given period are the same as yields on existing crop land,
which may overestimate contributions from crop area expansion. Mt, million metric tons. Data from ref. 53.
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in the quest to achieve SI at a scale that can have global impact. At issue is whether the current global R&D portfolio is up to the task and
how to monitor progress. The answer depends on assumptions about
the time frame, magnitude of food demand increase that is needed,
and required improvements in environmental performance. The time
frame in which solutions are needed has a large influence on research
prioritization because the time required to develop new technologies
and farming approaches differs depending on the type of research undertaken. We suggest a time frame consistent with the demographic
transition to a global population growth rate approaching zero, which
is projected to occur by mid-century, 30 years from now.
The magnitude of increase in food supply and the types of food
that comprise human diets determine the crops and cropping systems that will be needed. The most likely scenario is a food demand
increase that follows historical trajectories in income growth and diets, and the relationship between the two. Tilman et al.11 use a robust
approach to estimate food demand under this ‘business as usual’ scenario, which represents a 1.55% annual rate of increase. This rate is
well above current yield growth rates of about 1.0–1.2% for the major food crops (Fig. 3b). Assuming a more conservative 50% increase
in food demand over the next 30 years from 2020 to 2050 means that
yields of the major food crops must accelerate by about 30% from current levels to meet demand on existing farmland. The magnitude of
acceleration, however, can be reduced through expanded use of cropping systems that produce more than one crop per year on the same
field to give a substantial increase in total production without a yield
increase per se25,26.
Given a 30-year time frame, ‘quantum leap’ innovations in genetic
improvement and development of new crops and cropping systems
are unlikely to have a large impact on SI over this period. For example, breakthroughs from genetic modifications to give large improvements in complex traits like photosynthesis, nitrogen- use efficiency
and drought resistance require decades of work underpinned by large
commitments of financial resources and success is highly uncertain27.
Recent examples of large investments by the private sector in a transgenic solution to drought resistance documents the high risk inherent
to this approach28. And while transgenic crops will play an important
role to improve crop disease and insect resistances and nutritional
quality, genetic engineering will not likely produce quantum-leap
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technologies for increasing complex traits like yield potential, nitrogen-use efficiency and drought resistance because these traits are controlled by a large number of genes with trade-off penalties associated
with only optimizing a few of them. Fine-tuned manipulation of multiple genes that control intricate biochemical and physiological processes is currently beyond capabilities of genetic engineering. Similarly, development of new crops and cropping systems that achieve
widespread adoption at a globally relevant scale is a long-term proposition. Indeed, there have been no globally important new crops or
cropping systems developed in the past 40 years since the introduction of double-crop rice and rice–wheat cropping systems made possible by the early maturity ‘miracle’ rice and wheat cultivars that initiated the green revolution in the 1960s, or introduction of soybean
to the Brazilian Cerrados in the 1970s.
Although quantum leaps are unlikely, we can expect continued incremental yield gains from genetic improvements in resistance to abiotic and biotic stresses and fine-tuning crop maturities to fit changing climate using brute-force breeding programs guided by precision
phenotyping, genomics and genetic prediction methodologies linked
to robust crop simulation models29. Likewise, further intensification
through production of more than one crop per year on the same field
to give substantially higher total annual yield is made possible by
adoption of shorter-maturing cultivars and mechanized tillage and
harvesting operations in systems that are currently labour intensive,
which includes most low-income developing countries. Longer growing seasons from warmer temperatures under climate change and
high-speed precision planters promise considerable expansion of double-cropping in large-scale mechanized systems where rainfall or irrigation provides sufficient water supply for an additional crop. In
cool temperate climates, earlier sowing dates permitted by warming
temperatures give incrementally higher yields due to longer growing seasons coupled with the use of crop cultivars with later maturity30,31. ‘Orphan’ crops such as cassava, sweet potato, sorghum, millet, and some grain legumes with large yield potential and efficient
use of water and nutrients may have potential for contributing to SI
at national and global scales if there is demand for such crops in the
marketplace and processing, storage and shipping technologies are
available to minimize waste and spoilage.
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In addition to an acceleration in total food production on existing
farmland, a large reduction in negative environmental impacts is also
needed. The most appropriate research agenda to address this challenge depends in large part on the types of negative environmental externalities addressed and the magnitude of reduction required. Here
we propose a 50% target for improvements in water, nitrogen, and
energy-use efficiencies coupled with a similar magnitude of reduction
in soil erosion and GHG emissions. Although negative impacts from
agriculture ultimately must fall below critical environmental thresholds based on robust water quality, emissions and biodiversity standards yet to be determined, the proposed 50% reduction provides a
reasonable initial target for research prioritization purposes. It is notable, for example, that a 50% decrease is consistent with estimates
of the N load reduction required to address the hypoxia problem in the
Gulf of Mexico due to N losses from agriculture in the US Mississippi
River watershed32. Promising component technologies to improve environmental performance include smart fertilizers that provide adequate nutrient supply with minimal environmental losses, cover crops
that recover nutrients at risk of loss and improve soil quality, robotic
pest control that replaces chemical biocides, strategically placed buffer strips and biofilters that remove pollutants from runoff, and continued increases in adoption of conservation tillage that maintains soil
coverage and reduces erosion.
Although SI goals are relevant across spatial scales and cropping
systems, the means are not. Hence effective R&D prioritization requires identification of specific systems, crops and geographies with
greatest potential to contribute to SI goals. A scenario that requires a
50% increase in food supply by 2050 reduces the degrees of freedom
in terms of crops and cropping systems to be considered because establishing new crops and cropping systems is not likely to occur at
scale within the next 30 years. Hence, we would argue that major emphasis should be placed on SI of the crops currently in greatest demand and which are responsible for most of the global expansion in
crop production area. On the other hand, a survey of food security
researchers suggests it might be possible to reduce food demand increase through decreased consumption of livestock products in highincome countries, reduced food losses and waste along the food chain
from farm to consumer, and reduced use of human-edible foods for
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biofuel production33. Under a scenario in which food demand increase
to 2050 is halved, from 50% to only 25%, the current annual rate
of gain in crop yields of 1–1.2%, as shown in the insert of Fig. 3a, is
roughly adequate to meet 2050 demand without a large expansion of
crop production area. Likewise, this slower food demand growth scenario allows greater degrees of freedom in the types of crops and cropping systems to meet that demand.
Once priority crops and cropping systems have been identified, selection of regions with greatest potential for contributing to SI becomes an issue. Yield gap analysis that quantifies the difference between current average farm yields and yield potential provides insight
about where greatest gains in yield are possible on existing cropland,
and the reliability of those yields due to variability in weather34. Yield
gap assessments intended to inform research prioritization require
adequate spatial resolution and agronomic relevance, which in turn
depend on a robust ‘bottom-up’ spatial aggregation approach and location-specific data on soils, climate and cropping systems35–37. Assessments based on ‘top-down’, gridded spatial frameworks without
location-specific agronomic detail are not reliable for research prioritization purposes at regional or national scales38.

Gaps in the global research portfolio
There is a strong scientific consensus on three points. First, that
meeting food demand for approximately 10 billion by mid-century39
in a sustainable fashion is one of humanity’s greatest challenges. Climate change further augments the magnitude of this challenge. Second, that SI is the path to meeting that challenge because it minimizes
the pressure for further conversion of natural ecosystems to farmland. Third, that yield, the nutritional value of that yield, and environmental performance metrics are the yardsticks by which SI is measured rather than by the farming approaches or types of inputs used
to achieve them. Given this remarkable degree of agreement, the lack
of vigorous discussion about scope and focus of national and global SI
research portfolios is peculiar, especially because we are well behind
the curve in terms of achieving production increases on existing farmland and reducing negative environmental impacts. As a means to promote this dialogue, we have attempted to characterize the major foci

Cassman & Grassini in Nature Sustainability 3 (2020)

15

of the current global SI research portfolio and the factors with greatest influence on research prioritization. Here we attempt to identify
gaps in that portfolio that need filling.
Effective research prioritization is like betting on horses at the racetrack to increase chances of selecting winners. Largest bets are made
on horses with best odds of winning, and smaller bets on horses with
poorer odds, where the ‘odds’ represent a composite rating determined
by cost of performing the research, probability of success, time frame
to produce technologies ready for widespread adoption by farmers,
and the scale of potential impact. The ‘odds’ are also tempered by assumptions about magnitude of expected food demand increase and
environmental standards. Because several of these composite rating
factors are somewhat subjective and rely to a large extent on expert
opinion, it is wise to spread out investments on more than a single
horse with highest odds.
As we see it, the most likely scenario is that the global food system
in 2050 becomes increasingly globalized and trade-dependent due to
the demographic weight of urbanization, which is expected to rise
from 55% of global population today to nearly 70% by 205040. Therefore we see the ‘business as usual’ scenario as the odds-on favourite by
a large margin, which means greatest emphasis on: (1) accelerating SI
of current major crops and cropping systems in the world’s most important breadbaskets; (2) regions with large upside potential due to
endowments of favourable climate and good soils that support high
and stable yields as can now be identified by yield gap analysis37,41;
and (3) expansion of irrigated agriculture in regions with sufficient
renewable water supply to support it, such as some regions of SubSaharan Africa42,43 and South America.
Although there is considerable investment in component technologies to support SI of current major crops and cropping systems, especially in the private sector, there is little research on putting the components together in viable production systems, and in quantifying SI
potential in terms of both production and environmental performance
in farmers’ fields rather than small manicured research plots. Such
systems-level research would include assessing environmental impacts at landscape and watershed scales, which represents a critical
missing link in the current global portfolio. Also missing are robust
metrics to monitor environmental performance that simplify on the
far side of complexity. The nitrogen balance metric, which represents
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the difference between nitrogen inputs and removal from a production field or farm, is an example of such a metric44. Water productivity, quantified by the amount of grain produced per unit of water supply, is another45,46. Robust and parsimonious metrics for monitoring
biodiversity and soil health, and the scale at which to measure them,
remain elusive.
New agronomic research methods are needed to accelerate innovation in identification of best management practices for a given crop,
soil and climate combination47. Traditional replicated field experiments using standard statistical designs are not up to the task because they have trouble evaluating more than two or three factors at
once. In contrast, farmers must fine-tune and optimize 10–20 crop and
soil management factors to achieve yields that approach yield potential12, and the manner in which one factor is implemented influences
the outcome from each of the other factors. Here the term ‘management factors’ is used in the broad sense to include crop rotation, cover
crops, tillage method, seed treatments, sowing dates, plant population,
weed control measures, fertilizer application rates, timing, placement
and formulation for all essential nutrients, use of manure or compost,
insect and disease control measures, and in irrigated systems—irrigation method, amounts and timing. Moreover, management options
and optimal combinations of practices change rapidly as new technologies come to market. Farmer-reported data on management practices
used in their fields and associated Global Positioning System (GPS)
coordinates make it possible to deal with this complexity by classifying each production field into a cohort group with sufficient similarity in soil type and climate that a given management practice, or combination of practices, would be expected to perform similarly across
all fields in that category. Use of straightforward statistics can then
identify the combination of practices that perform best across a given
cohort group of fields, which overcomes the constraints of traditional
agronomic research because each farmer’s field represents an ‘experiment’. For example, optimal management practices can be identified
by the practices used in fields that achieve highest yields for a given
climate and soil cohort group (for example, the top 10% highest yielding fields), and the statistical power of identifying these combinations
is greatly increased because cohort groups often contain many thousands of fields48,49. Farmer concerns about privacy and not sharing in
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the value obtained from their data could be overcome by establishing
farmer-controlled ‘data cooperatives’ whereby those who contribute
data receive an annual report benchmarking performance of each of
their fields versus all other fields in the same soil and climate cohort
group, as well as the suite of management practices used in fields that
achieve highest yields, input-use efficiencies, and associated environmental performance metrics.
Although achieving SI to ensure global food security by 2050 is a
massive scientific challenge, it is not beyond reach if there are wellprioritized national and global R&D agendas with a ruthless focus
on the dual objectives of achieving large increases in yields on existing farmland coupled with substantial improvement in environmental performance that adequately protects natural resources, environmental services and minimizes GHG emissions. A 50% yield increase
on existing farmland in tandem with a 50% decrease in negative environmental externalities provide useful initial targets for establishing national SI research portfolios. The required science must come
from a wide array of disciplines including basic and applied sciences
that extend well beyond traditional agricultural sciences to embrace
computer and computational sciences (including ‘big data’ analytics), landscape ecology, and molecular biology to name a few. But
achieving the required degree of SI in national and global food production systems is only one piece of the food security challenge; it
must be complemented by social, political and economic conditions
that ensure access, affordability and adequate nutrition for all. While
R&D on the biophysical attributes of SI is necessary, it is not sufficient because there is critical need for appropriate policies, institutions and trade agreements to ensure that successful SI in terms of
production and environmental goals leads to land sparing for nature
and an affordable and nutritious food supply for all5,50,51. Regardless of scope and scale, one thing is clear: without SI in the strict
sense of increasing crop yields on existing farmland while substantially reducing negative environmental impacts, it will be difficult to
achieve a food-secure world without considerable loss of biodiversity and accelerated climate change. Hence the importance of adequate investment and effective R&D prioritization to reach the required degree of SI in food production systems that contribute most
to human food supply.
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